This paper is concerned with the problem of suboptimal stable mixed Hz/H, control for linear timeinvariant systems. The designed controllers are required to satisfy a prescribed H , performance bound or a prescribed degree of stability. By reducing the stable controller synthesis problem to a multiobjective state feedback control problem for two different state models, sufficient conditions for the solvability of the considered problem are given in !erms of solutions to algebraic Riccati equations and matrix inequalities.
Introduction
The problem of designing a stable controller to stabilize a given plant with some performance specifications has been extensively investigated by a number of authors, see [2] , [ 
5], [6]-[8] [ll], (131-[MI.
In (161, it has been shown that a necessary and sufficient condition for the existence of a stable stabilizing controller is the parity interlacing property. A plant P is said to satisfy the parity interlacing property if the number of poles of P between any pair of real right half-plane blocking zeros is even. Some procedures for constructing stable stabilizing controllers are given in [12, 161, which involve the construction of a unit in H , satisfying certain interpolation conditions that may result in very large order controllers. For the stable H , controller design, a method using a state space approach is proposed in [ll] . In [6] , sufficient conditions are also obtained for the synthesis of SISO finite dimensional suboptimal stable H , controllers by converting the problem into a Nevanlinna-Pick interpolation problem. In [HI, a sufficient condition for the existence of a stable suboptimal H, controller is derived in terms of positive definite stabilizing solution to a certain algebraic Riccati equation. However, the order of the designed controller is two times that of the plant. A result proposing stable H, controllers which have the same order as the plant is given in [17] This paper will be concerned with the problem of d e signing suboptimal stable mixed Hz/H, controllers for linear time-invariant systems. The controller to be designed is required to satisfy a prescribed H , performance bound or a prescribed degree of stability. The stable controller synthesis problem is reduced to a multiobjective state feedback control problem for two different state models. New sufficient conditions for the solvability of the problem are given in terms of solutions to Riccati equations and matrix inequalities by solving the multiobjective state feedback control problem. Iterative algorithms are developed to solve the stable controller synthesis problem. All of the proposed algorithms are shown to be convergent, and the numerical example illustrates the advantage of the proposed algorithms. The paper is organized as follows. Sec- where x E R" is the state, U E R" is the'control input, y E Rq is the measured output, w E R' is the disturbance inputs, and zo E R' O and t l E Rrl are the outputs to be regulated. The dynamic output feedback controller K is given by
where [ E R". The resulting closed-loop system C, with the controller K is described as follows C, :
.ZO = COeZe + Joew In particular, [9] has shown that for a given 7 > 0, the computation of the optimal mixed H2/Hm performance Jopt(C, 7) and the construction of a suboptimal compensator can be approached via convex optimization, where
with the transfer function Tzlw(K) being defined by The following assumptions will be used in the sequel. 
Stable mixed H2/H, controller design
In this seetion, we will present new sufficient conditions for the solvability of the suboptimal stable mixed H2/Hm control problem, and an algorithm will be proposed to minimize the mixed HzIH, performance It should be noted that the conditions (26)-(29) are given based on the assumption of existence of a wmmon Lyapunov function for the two closed-loop systems from C y and CKY with U = CKZ, which may result in some conservativeness. In the following, we will present another sufficient condition without this conservativeness. Denote Step 1. Solve the Riccati equation (14) to obtain the stabilizing solution Y 2 0.
Step 2. Minimize Trace(Q) subject to the LMI constraints (26), (27) and (29), and denote CKopt =
Step 3. Minimize subject to XO > 0 and the LMI constraint (45) below; and minimize Trace( Qo) subject to LMI constraints (43) and (44). 
Step 4. Minimize Trace(@') subject to Pi > 0 and the LMI constraints Ay(P:,P{O,C$,r) < 0, AICY(P;,%C&,D) < 0 -@ -pj-l pj -pj-1 . 10 - lopt, 20 -2 o p t , 3 = 112,..-, and pi';: and Pi;: are the solutions of the (j-1)th optimization.
When Trace(Q3,,') -Trace(@ip,) < E for some E > 0, stop. < E will be satisfied for some large enough j . So the algorithm is convergent with respect to the optimization objective Trace(Qj). The algorithm is based on the comb-ination of Theorem 3.2 and Theorem 3.5, the iterative part of it (Step 4 in Algorithm 3.8) from Theorem 3.5 will improve the tradeoff b e tween a, 7 and p, which will be illustrated in Section Step 2. Minimize Trace(Q) subject to the LMI constraints (26), (27) and (31). Denote C K~~~ = WoptX&i.
Step 3. Minimize Trace(Q0) subject to the LMI constraints 4 Example In this section, we will present an example to illustrate the proposed algorithms. Table 1 . The mixed H2/H, cost Jopt (= Jd = Ja) of the closed-loop system is 0.0842, and the stability degree of the controller is less than 0.4816.
Consider the problem of designing an H2/Hm controller with the prescribed degree T of stability for T = 1. By using Algorithm 3.10 without Step 4 and with Step 4 (200 iterations), the computed results are shown in Table 1 . gives better results, where J, = Jd and the controller has only a slightly larger stability degree than the designed value 1. Comparing with the optimal mixed H2/Hw cost Jqt, it is easy to see that the expense of increasing the stability degree of the controller (from -0.4816 to -1.005) is an increase of 5.34% (from 0.0842 to 0.0887) in the optimal mixed H2/H, cost. The controller parameters are given in the Appendix. 
